Abstract. The momentum profiles expected from analyses of (e, 2e) coincidence experiments using intermediate energy electrons scattering from mercury are obtained within the relativistic plane-wave approximation. These momentum distributions have been calculated using both relativistic and non-relativistic Hartree-Fock wavefunctions revealing differences that are sufficiently distinct as to be experimentally observable.
Electron coincidence spectroscopy is a powerful tool with which to study the electronic structure of atoms, molecules and solids. In particular, the (e, 2e) reaction Weigold 1976, Weigold and McCarthy 1978 , Giardini-Guidoni et a1 1981) (figure 1) with intermediate energy electrons (-1000 eV) in the non-coplanar symmetric geometry enables the momentum space wavefunctions of the target to be determined at small momentum values. Such information has been gathered from a number of experiments using the low to medium 2 inert gases as targets (McCarthy and Weigold 1976 , Weigold and McCarthy 1978 , Williams 1981 , Fuss et a1 1981 . The analyses of these experiments show that the shapes of the observed electron momentum distributions are well described by non-relativistic Hartree-Fock (HF) wavefunctions. Accordingly it is proposed that an (e, 2e) experiment be made using a high 2 target, namely mercury (Hg I) since the information obtained should provide a direct test of relativistic structure theories (Grant 1970) . Results of calculations to compare the differences between the relativistic and non-relativistic Hartree-Fock models are presented herein to verify that supposition. 
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In the (e, 2e) reaction the target and the ion recoil energies are negligible, hence the binding energy of the ejected electron is determined by where Eo is the incident electron energy, EA is that electron's energy after being scattered and EB the energy of the expelled electron. The ion recoil momentum q can also be measured as it is given by
where po is the incident electron momentum while P A and pB are respectively the momenta of the scattered and ejected electrons.
Within the framework of the relativistic plane-wave approximation (Fuss et a1 1982) the five-fold differential cross section for ionisation (in atomic units e = h = m e = 1) is while nA and OB are the solid angles for the scattered and ejected electrons. As the target Hartree-Fock approximation has been implicitly assumed in deriving the above formulae the momentum distribution p ( q ) is just the square modulus of the single particle orbital (in momentum space) from which the electron was ejected
The wavefunctions for the Hg I system has been calculated using the non-relativistic HF method (Froese-Fischer 1977 , 1978 and the relativistic HF (or Dirac-Fock DF) method (Grant et a1 1980) . Momentum space profiles for the 5d312, 5d512 and 6~1 1 2 electron orbitals of Hg I are shown in figures 2, 3 and 4. The non-relativistic HF model results are designated NR throughout while the relativistically derived results are labelled by R (or R1, R2). These profiles are shown, since at intermediate energies significant ionisation cross sections are expected only for electrons ejected from the 5d3/2, 5dJI2 and 6~1 / 2 orbitals. In figure 2 , the momentum profiles are compared for the 6~1 1 2 orbital, with the R2 result being a renormalisation of the DF result (Rl) to match the 4 = 0 value of the NR calculation. The depression of the DF profile in the 4 = 0 region when compared with the NR result is an expected feature of the relativistic computation since orbitals of s112 symmetry have been shown to have marked inward contractions (in position space) in comparison to their non-relativistic counterparts. The renormalised result (R2) is shown to stress observable differences in the 4 variations since absolute cross section measurements are difficult to obtain. This difference in the shape, as revealed in the comparison of curves R2 and NR appears to be sufficiently large to distinguish empirically between the relativistic and nonrelativistic models.
The momentum profiles for the 5d orbitals are shown in figure 3 . Clearly the profiles of the non-relativistic HF prediction for the 5d orbital (NR) and theDF result for the 5d312 orbital are too similar to expect any empirical distinction.' However, this is not true for the DF 5dSl2 orbital (Rl) and non-relativistic orbital comparison. Renormalising the 5dSl2 profile to have the same peak height as the NR curve gives the profile designated by R in figure 4. The shift in peak height location of about 0.15 au should be detectable in experiments. 
